Objective To find out whether maternal serum screening for fetal chromosomal aneuploidy predicts adverse pregnancy outcomes. Methods A two-year retrospective case-control study was conducted at a tertiary hospital. Pregnant women with a high-risk serum screen but with chromosomally normal fetuses (n = 189) were compared to those with low-risk screen (controls, n = 157) for adverse pregnancy outcomes. p \ 0.005) and gestational age (R 2 = 4.9 %, b ± SE = 0.613 ± 0.296; p \ 0.05). Beta hCG in first and hCG in second trimester predicted oligohydramnios (R 2 = 9.2 %, b ± SE = -0.077 ± 0.025; p \ 0.005). The areas under the ROC curves of PAPP-A for LBW and PT were 0.70(p \ 0.01) and 0.684 (p \ 0.05), respectively. Conclusion A ''high-risk'' maternal serum screen with abnormal PAPP-A and/or beta hCG/HCG is associated with adverse pregnancy outcomes and may help identifying women requiring additional fetal surveillance.
Introduction
Specific patterns of maternal serum pregnancy-associated plasma protein A (PAPP-A), beta unit of human chorionic gonadotropin (hCGb) in the first and hCG, alpha-fetoprotein (AFP) and unconjugated estriol (uE3) concentrations in the second trimester suggest an elevated risk of fetal aneuploidy. However, diagnosis of a normal fetal karyotype as a confirmatory test creates a management dilemma for obstetricians and doubts about fetal well-being in ''high-risk'' women.
We conducted a retrospective analysis to study whether maternal serum screen ''high-risk'' status and/or abnormal individual serum marker were associated with adverse pregnancy outcomes and whether they can be used to predict such outcomes in women with chromosomally normal fetuses.
Aim
To study whether maternal serum markers tested as a part of aneuploidy screening additionally help in predicting other pregnancy outcomes including low birth weight (LBW), prematurity (PT), pregnancy-induced hypertension (PIH), oligohydramnios (Oligo), operative delivery (Csection) and NICU admission. Objectives 1. Whether a high-risk biochemical screen predicts adverse pregnancy outcomes. 2. Whether individual marker tested: PAPP-A, beta hCG in the first-trimester screens and AFP, hCG and uE3 in the second-trimester screens predicts adverse pregnancy outcomes.
Methods
Setting Tertiary care private hospital with Fetal Medicine and Genetics units.
Type of study Retrospective case-control study over 2 years.
Participants
Cases: pregnant women with a ''high-risk'' maternal serum screen but chromosomally normal fetuses (n = 189). Controls: pregnant women with a ''low-risk'' maternal serum screen (n = 157).
Work flow Out of the 422 samples (either chorine villous or amniotic fluid) received for karyotyping during the twoyear study period for ''high-risk'' maternal serum screen, 21 samples with chromosomal anomalies were excluded.
Out of the remaining 401 women with high risk screen but normal fetal karyotype, 189 (53 with double and 136 with triple marker) whose details of serum screens and pregnancy outcomes could be traced were included as cases.
We enrolled 157 women who were maternal serum screen ''low risk'' and delivered at our hospital during the study period as controls (80 with double or combined and 77 with triple screen).
Data regarding individual marker and complete screen result, maternal age, parity and pregnancy outcomes including gestational age, birth weight (or in some cases LBW: birth weight \2.5 kg and PT: gestational age \37 weeks, respectively), PIH requiring treatment, oligohydramnios, C-section and NICU admission were recorded.
The concentrations of serum markers were considered as multiples of median (MoM), and standard cutoffs were used as follows: This study was approved by the institutional ethics committee.
Results
The mean maternal ages of cases and controls were 31.5 ± 4.7 and 29.1 ± 3.9 years, and the difference was significant (p \ 0.001). Hence, statistical analysis was done after adjusting for maternal age. Parity of women in both groups was comparable (1.86 ± 0.88 and 2.0 ± 0. Table 1) .
PAPP-A in the first trimester showed a significant positive correlation with birth weight (r = ?0.286, p \ 0.01), even after adjusting for PIH, indicating that higher values of PAPP-A are associated with higher values birth weight. First trimester beta hCG showed a significant negative correlation with birth weight and oligohydramnios (r = -0.233, p \ 0.05 and r = -0.304, p \ 0.01, respectively) suggesting that higher beta hCG levels are associated with lower birth weight and lower levels with oligohydramnios ( Table 2) . Among the second-trimester markers estimated as a part of triple test, only maternal serum HCG was significantly associated and showed a negative correlation after adjusting for age with PIH (r = -0.227; p [ 0.01) and Oligo (r = -0.281; p \ 0.01), indicating that low maternal hCG is associated with PIH and oligohydramnios. None of the maternal serum AFP or UE3 showed any such correlation with any of the outcomes considered ( Table 2) .
Association of a High-Risk Triple/Second-Trimester Maternal Screen and Adverse Pregnancy Outcomes

Association of Individual Serum Markers with Adverse Pregnancy Outcomes
Univariate and multivariate regression analysis considering birth weight and gestation as dependent variables and biochemical parameters in first and second trimester as independent variables (Table 3) showed that PAPP-A in first trimester is the only significant predictor of gestation (R 2 = 4.9 %, b ± SE = 0.613 ± 0.296; p \ 0.05). In case of birth weight, although it is determined by PAPP-A as well as hCGb in first trimester using univariate regression analysis, PAPP-A remained to be the only significant predictor of birth weight (R 2 = 12.2 %, b ± SE = 0.224 ± 0.069; p \ 0.005) after multivariate regression analysis. Not a single biochemical parameter in second trimester was able to predict birth weight and gestation.
Univariate as well as multivariate regression analysis was carried out after considering PIH, oligohydramnios and C-section delivery as dependent variables and biochemical markers in first and second trimester as independent variables (Table 4 ). It was observed that only hCGb in first trimester and hCG in the second trimester were significant predictors of oligohydramnios (R 2 = 13.6 %, b ± SE = -0.088 ± 0.021; p \ 0.001 R 2 = 6.7 %, b ± SE = -0.074 ± 0.024; p \ 0.005, respectively). Univariate analysis also revealed that second-trimester hCG is a significant determinant of PIH (R 2 = 6.5 %, b ± SE = -0.063 ± 0.024; p \ 0.05). None of the biochemical parameters in first and second trimester was able to predict C-section delivery.
Finally, receiver operating characteristic (ROC) curve analysis was carried out to measure discriminative power of individual markers as a screening test for adverse outcomes. The areas under the ROC curves (AUC) of PAPP-A for LBW (Fig. 1a) and PT (Fig. 1b) were 0.70, p \ 0.05 and 0.68, p \ 0.05, respectively, indicating PAPP-A as a good marker for screening women at risk of LBW and PT. The conventional cutoff for PAPP-A (\0.4) was associated with a very low sensitivity of 33.3 % but a high specificity of 94.9 % for LBW (data not shown). The optimum ''cutoff'' for PAPP-A MoM for LBW from this study was higher (\0.8) and provided 66.7 % sensitivity and 67.3 % specificity. This cutoff also had a sensitivity of 64.5 % and specificity of 64.6 % to predict PT, none very impressive as a screening test.
It was noted that for both first and second trimesters, a high-risk screen with an abnormal marker, especially PAPP-A in the first and hCG in the second trimester, best predicted adverse outcomes compared to an isolated abnormal marker but low-risk screen or a high-risk screen with normal individual markers (Table 5 ). This was evident from significant (p \ 0.000) higher prevalence of LBW among women with both high-risk screen and abnormal marker as compared to that among women with either isolated abnormal marker or high risk screen alone.
Discussion
The data from this study suggest an association between a ''high-risk'' maternal serum screen and adverse pregnancy outcomes. PAPP-A was found to be a significant predictor of birth weight and gestational age, while second-trimester hCG predicted oligohydramnios and PIH.
Since PAPP-A and hCG contribute to trophoblast invasion and angiogenesis of uterine vasculature and uterine growth, respectively [1] , there is a possibility of these two markers being interdependent and mechanistically associated with PIH and LBW due to failure of trophoblast invasion into the spiral arteries [2] . However, we found PAPP-A to be an independent and better predictor of LBW and PT than hCG, even in pregnant women without PIH. Dane et al. [3] similarly reported PAPP-A to be a predictor of PT delivery in normotensive pregnancies. A significant inverse association between maternal serum PAAP-A and the risk of LBW but not with free beta hCG was reported by others [4] [5] [6] .
Although a high-risk triple screen in this study was associated with PIH, Oligo and operative delivery, none of the individual markers including AFP, HCG and UE3 showed any association with any of the adverse pregnancy/neonatal outcomes unlike earlier reports by others [7, 8] .
The association between maternal serum analytes and abnormal pregnancy/neonatal outcomes is controversial [2, 4, 9, 10] . The use of maternal serum screening solely to predict and prevent these outcomes has not been supported due to overall low sensitivity and high false-positive rates [11, 12] . D'Antonio et al. [13] reported that maternal serum PAPP-A performs poorly as a screening test for PT, SGA and preeclampsia. The ROC analysis showed that the AUC under the ROC curve in this analysis for PAPP-A to predict LBW and PT was 0.7 and 0.68, respectively, indicating that it has a ''fair'' predictive accuracy [14] . Thus, our study also suggests that PAPP-A may not be used in isolation as a clinical marker to predict LBW/PT.
It was interesting to note that sensitivity of PAPP-A MoM to predict LBW doubled when a cutoff of 0.8 was used instead of the conventional cutoff of 0.4, though it reduced its specificity. Ardawi et al. [15] reported that MoM values of free beta hCG vary and are higher in Africans, Orientals and Arabian women compared to Asians. Wright et al. [16] commented that biases in the serum marker MoM levels can alter false-positive rates of double screen and in turn may alter overall performance of the screen if a fixed risk cutoff is used. However, the use of PAPP-A cutoff of below 0.3 at an earlier gestation did not improve the detection rate for adverse pregnancy outcomes as reported by Quattrocchi et al. [17] . It might be worth Table 4 Univariate and multivariate regression analysis for PIH, OLIGO and C-section delivery looking at optimal cutoffs, on a larger sample if these markers are to be considered as predictors of LBW/PT. We also found that a high risk screen with an abnormal marker, rather than a low-risk screen with an abnormal individual marker best predicted LBW and might imply that an isolated abnormal marker need not be specially followed up.
There are few guidelines about follow-up of women with high-risk screen-normal fetal karyotype, due to lack of consensus about management strategies. Sharp et al. [18] and Halscot et al. [19] comment that early diagnosis of conditions such as PT, LBW does not equate to better maternal/neonatal outcomes due to limited treatment modalities. The suggested measures include additional clinical monitoring, uterine artery Doppler studies and use of low-dose aspirin with inconsistent results. Roberge [20] reported early (\16 weeks) administration of low-dose aspirin to be associated with a greater reduction of perinatal death and other adverse perinatal outcomes than when initiated [16 weeks. Villa et al. [21] conducted a metaanalysis of randomized controlled trials including data on 346 women which suggested that aspirin may reduce the incidence of preeclampsia. Moore et al. [22] reported that aspirin initiated before 17 weeks reduced the risk for lateonset preeclampsia by 29 % supporting the practice of early initiation of aspirin in high-risk women. Prophylaxis with low-dose aspirin (60-150 mg) beginning after the first trimester of pregnancy was found to reduce the risk of preeclampsia and modestly reduce risks of preterm birth, IUGR and PIH [23] . There was a limited evidence of harms associated with low-dose aspirin use during pregnancy, mainly risk of abruption, but no evidence for complications such as postpartum hemorrhage, maternal blood loss and neonatal intracranial or intraventricular bleeding was found. Ayala et al. [24] concluded that low dose aspirin regulated ambulatory BP and reduced the incidence of preeclampsia, gestational hypertension, preterm delivery and IUGR.
In spite of significant correlations between high-risk maternal screen and/or abnormal PAPP-A and adverse pregnancy outcome evident in this and other studies, low sensitivity and limited options to improve birth weight and gestational age make it difficult to routinely prescribe lowdose aspirin to all women with high-risk maternal screen and/or abnormal PAPP-A. Huynch et al. [25] recommend that pregnant patients with high-risk screen-normal fetal karyotype should be counseled that currently there is no strong evidence to justify an ongoing ultrasound surveillance program. Authors, on the other hand, support a surveillance plan specific to the increased maternal and fetal risks including patient education on signs and symptoms of the most common complications, increased frequency of antenatal visits and ultrasound/Doppler studies for assessing fetal biometry and biophysical profile, and cervical length assessment as recommended by Gagnon et al. [12] .
Our study had some limitations including its retrospective nature. Limited data were available on relevant maternal characteristics such as weight, presence of other comorbidity, use of assisted reproduction. In some cases, we had rather crude than specific information: full term/ preterm rather than exact gestation in weeks and low birth weight (\2.5 kg) rather than exact weight. PIH and oligohydramnios were considered as present/absent without further considering its severity, gestational age at onset, etc. We were unable to comment on association of maternal serum markers with miscarriages and/or pregnancy loss since only live births were included in the study. Screening tests were done in different laboratories for cases as they were referred to our hospital only for invasive testing and received antenatal care and delivered at different hospitals while controls were tested and delivered at our hospital.
In conclusion, the present study shows significant correlation of a ''high-risk screen'' and abnormal markers with adverse pregnancy outcomes mainly LBW, PT, PIH and oligohydramnios. An abnormal screen with at least one abnormal marker was more predictive of these outcomes compared to abnormal marker or high risk screen alone. Neither PAPP-A nor beta hCG can be recommended as stand-alone tests to predict, but they might provide additional inputs for better surveillance for women with ''highrisk screen-normal fetal karyotype'' status. Further larger randomized controlled trials are awaited before routinely prescribing low-dose aspirin to these women.
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